INTRODUCTION
The variation in taphonomic features between fossils reflects, to a large degree, differences in the environment of their post-mortem habitats. It is this variation that makes taphofacies analysis (Brett and Baird, 1986; Speyer and Brett, 1986 ) such a useful approach to paleoenvironmental reconstruction.
We suggest here a simple, graphical approach which can be used in comparative taphonomy. We apply the ternary diagram to taphonomic analysis. The familiar ternary diagram has long been used as a graphical and analytical tool to classify sedimentary rocks (e.g., Krumbein and Sloss, 1963, Chapter 5) and to characterize their provenance (e.g., Dickinson and Suczek, 1979) . Ternary diagrams have also been used in paleoecology to depict the substrate relationships and trophic composition of paleocommunities (Scott, 1974 (Scott, , 1976 .
A ternary diagram can be useful in comparative taphonomy if the degree of alteration lends itself to a threefold classification scheme. Consider one taphonomic feature: abrasion, for example. The condition of an individual hard part within a sample can often be characterized as "good" (little or no abrasion), "fair" (moderate abrasion), or "poor" (extensive abrasion). The entire sample can then be characterized by the proportion of shells in each of the three categories. This three-fold scheme allows the sample to be represented as a single point on a ternary diagram, and permits the comparison of samples with respect to the taphonomic character under consideration. Figure 1 illustrates our scheme. A sample consisting entirely of "good" shells plots at the lower-left corner of the diagram because the proportion of shells in "fair" condition is zero and the proportion of shells in "poor" condition is zero. If half the shells are in good condition and half are in fair condition, the sample will plot along the good-fair axis. If the sample consists of shells equally distributed among the three taphonomic grades, the sample will plot in the middle of the diagram.
TERNARY TAPHOGRAMS
We believe that a useful technique should have a catchy name; we propose that the diagrams be called "ternary taphograms". Firsich and Flessa (1991a, p. 168) used "taphogram" to refer to a frequency distribution of taphonomic features. The use of triangular diagrams, as proposed here compels us to add the modifier "ternary."
Ternary taphograms have significant advantages. One major virtue of the ternary diagram is that a single point can represent a simple frequency distribution of taphonomic grades. This allows a qualitative comparison of frequency distributions that might otherwise require as many histograms as there are samples. A second major advantage of the approach is that a single point on the ternary taphogram contains more information than a sample's average taphonomic score (i.e., mean taphonomic grade) for the sample. Although assigning a numerical score to each of the three taphonomic grades permits the calculation of an average taphonomic grade, such a score cannot express the nature of the variation in taphonomic condition. For example, a mean score of "fair" could result from either a strongly bimodal distribution of "good" and "poor," or a homogenous collection of shells in "fair" condition.
Ternary taphograms differ from conventional ternary diagrams in an important respect. Traditional ternary diagrams plot the relative proportion of sedimentary grains found in one of three well-defined size categories (e.g., clay, silt, sand) or distinct compositional categories (e.g., quartz, feldspar, lithics). In contrast, ternary taphograms require three classes to be defined along a continuum of preservational quality. Unlike grain size classification, where the terms "clay," "silt," and "sand" have precise and well-defined meaning, the meaning of such taphonomic grades as "good," "fair," and "poor" are likely to differ from investigator to investigator. Thus, while ternary taphograms may have great utility when internally consistent standards can be applied (see below for an example), they may not be useful in com-paring results among different investigators.
Another potential disadvantage of ternary taphograms is their limitation to only three taphonomic grades. In some cases, the range of taphonomic variation may permit more than the three categories of "good," "fair," and "poor." For example, Holland (1988) distinguished seven "abrasion states" among specimens of Ordovician brachiopods. One way to overcome the limitation to three grades is to consolidate two or more alteration classes until a three-fold scheme results. For example, if a four-fold scheme is initially used (as in our studies of North Sea shells, see Table  1 and below), the proportions in the two intermediate grades can be combined to produce a single, synthetic category of "fair," retaining the original categories of "good" and "poor." This approach results in some loss of information, but the loss may be compensated for by the resulting ease with which samples can be compared. The location of a particular sample on the ternary taphogram is determined by the proportion of specimens in "good," "fair" or "poor" condition. The histogram within each field ("good," "uneven," "mixed," etc.) on the diagram illustrates the variation of taphonomic grades in a sample within that field.
A REAL EXAMPLE
We are not just casual theorists. In this section we use ternary taphograms to compare the taphonomic features of Recent bivalve mollusk shells from three areas: 1) the coarse clastic tidal flats of Bahia la Choya, Mexico; 2) the shelly cheniers of the Colorado Delta plain, Mexico; and 3) the muddy tidal flats of the North Sea coast of Germany. Table 1 summarizes the environmental setting and specimens collected in each area. Our emphasis here, however, is on the method. A full discussion of the comparative taphonomy of these sedimentary environments will be presented elsewhere.
We collected the robust valves of the venerid bivalve Chione fiuctifraga and Chione californiensis from the tidal flats and channels of Bahia la Choya, in the northern Gulf of California, 10 km north of Puerto Peiiasco, Sonora, Mexico. Chione is a shallow-burrowing, infaunal suspension-feeder. The sedimentary geology, marine ecology, and taphonomy of the area are described in a series of recent publications (Fiirsich and Flessa, 1987; Flessa, 1987; Fursich and Flessa, 1991b; Flessa et al., 1993) . In brief, the tidal flats are composed of coarse siliciclastics and shell debris, sediment accumulation rates are low, shells have undergone minimal transport (despite the high tidal velocities), and the shelly accumulations represent up to 3750 years of time-averaging. Eight samples were analyzed from Bahia la Choya, each consisting of 50 shells.
We collected valves of the mactrid bivalve Mulinia coloradoensis from the shell-rich cheniers of the Colorado Delta plain, 25 km north of San Felipe, Baja California, Mexico. Shells of M. coloradoensis are similar in size but are thinner than those of Chione. M. coloradoensis is a shallow-burrowing, infaunal suspension feeder. The sedimentary geology of the area is described in detailed by Thompson (1968) ; the taphonomy of the shelly accumulations is described by Kowalewski et al. (1994) . In brief, shells of M. coloradoensis are exhumed from their life positions in the fine-grained tidal flats seaward of the active chenier's beach. They are transported onshore by waves and tides and accumulate there in great abundance. Radiocarbon dates reported in Thompson (1968) suggest that the shelly assemblages range in age from 4830 radiocarbon years to the present. Forty-six samples were analyzed from the delta cheniers, each consisting of from 30 to 100 shells.
We collected valves of the cardiid bivalve Cerastoderma edule from the tidal flats and subtidal channels of the German North Sea coast, from Jade Bay, to the East Frisian island of Spiekeroog, in the vicinity of Wilhelmshaven, Germany. Shells of C. edule are similar in size to those of Chione fluctifraga, C. californiensis and Mulinia coloradoensis but are intermediate in weight (Table 1) . Cerastoderma edule is a shallowburrowing, infaunal suspension feeder. The sedimentary geology, marine ecology, and taphonomy of this classic area are described in several publications (e.g., Reineck, 1978; Schafer, 1978; Weimer, et al., 1982) . In brief, shells of C. edule are either buried in place or exhumed and transported short distances and then concentrat- (0) 0(0) 0(0) 0(0) 0(0) Frisian Islands, tidal to inter-ma edule 1 1 (1,2) 1 (1,2) -1(1,2) 1 (1,2) North Sea coast, tidal; fine-2 2(3) 2(3) 2(1) 2(3) 2(3) Germany grained siliciLat: 53.5-54° N clastic sediLong: 7.5-8° E ments * Taphonomic grades with more than three classes were consolidated into a three-fold scheme. The original categories are given in parenthesis following the class into which they were converted. For example, C. edule was originally classified into four taphonomic classes of encrustation. After conversion, class "0" remained "O", classes "1" and "2" were consolidated into class "1", and class "3" was changed to class "2" (see text).
ed in tidal channels and beach deposits. Flessa (in prep.) has radiocarbon-dated 20 shells from this area. Nineteen range from approximately 8000 radiocarbon years to the present; one is likely of Eemian age (-125,000 years). Twenty samples were analyzed from the German North Sea coast, each consisting of 50 shells. Each shell was compared to a set of reference specimens of that particular species. Each reference specimen corresponded to a particular taphonomic grade ("good," "fair" or "poor") for each of the following characteristics: bioerosion-the extent to which shells were bored by sponges, polychaete annelids, bryozoa, or other macroscopic endobionts. Unbored shells were rated as "good"; extensively bored shells were rated as "poor." encrustation-the extent to which the shell surface was covered by bryozoans, barnacles, calcareous algae, or other epibionts. Unencrusted shells were rated as "good"; extensively encrusted shells were rated as "poor." fragmentation-the extent to which each valve was fragmented. wear-the extent to which the shell's surface was abraded and worn. Specimens of M. coloradoensis were not scored for this variable. external surface-the extent to which the shell's original external luster and color are preserved. internal surface-the extent to which In most cases, shells were assigned taphonomic grades of 0 ("good"), 1 ("fair") or 2 ("poor"). In some cases, (see Table 1 ) a four-fold classification scheme was initially used. These data were transformed into three classes by consolidating the two intermediate grades into a single grade of "fair."
RESULTS AND DISCUSSION
The proportion of "good," "fair" and "poor" shells in each sample for each of the six taphonomic variables is shown in Figure 2 . The location of samples within each ternary taphogram reflects the variation in taphonomic features within and among the localities. The variation can be a consequence of the different preservational environments (hydrodynamic regime, biological activity, degree of subaerial exposure, etc.), variation in the size and architecture of the shells, or some combination.
Both bioerosion ( Fig. 2A ) and encrustation (Fig. 2B ) are "good" in the delta chenier shells, "good-fair" in the Bahia la Choya shells, and from "good" to "uneven" (see Fig. 1 for the precise meaning of these terms) in the North Sea shells. The limited bioerosion and encrustation of the delta chenier shells probably reflect the fact that they have spent most of their "post-mortem lives" either buried in place, or in the high intertidal zone of the chenier's beach. Both burial and frequent subaerial exposure will protect shells from bioeroders and encrusters.
The extent of fragmentation (Fig.  2C) provides a clear separation of Bahia la Choya, delta chenier and North Sea shells. North Sea shells are "good"-they are rarely fragmented, Bahia la Choya shells are typically in "good-fair" condition, and delta chenier samples are mostly "uneven" with respect to fragmentation. This separation may reflect the differing hydrodynamic regimes from which the samples were taken: the relatively low energy setting of the North Sea tidal flats, the strong macrotidal regime of Bahia la Choya, and the relatively high wave regime of the chenier beaches. Shell architecture may also play a role. The delta chenier shells, Mulinia coloradoensis, are the most fragile of the three species.
Shell wear (Fig. 2D) was not recorded for delta chenier shells. Wear varies over a limited range for the North Sea shells (most are "goodfair") and over a somewhat greater range for the Bahia la Choya shells (from "good" all the way to "fair"). The higher daily wave and current energies of Bahia la Choya relative to the North Sea localities may explain this separation.
Variation in both external and internal surface characteristics (Fig. 2E,  F) is substantial. The external condition of North Sea and Bahia la Choya shells is typically from "fair" to "poor," while the condition of the delta chenier shells vary greatly. The internal condition of Bahia la Choya shells also ranges from "fair" to "poor," while both the delta chenier and North Sea shells vary greatly. The extensive variation in surface condition among the delta chenier shells probably reflects their great age range and their weathering in a largely subaerial environment. Kowalewski et al. (1994) document how shell luster and related features vary as a function of shell age in these deposits.
CONCLUSIONS
We will not belabor these interpretations. We present them only to illustrate the utility of ternary taphograms in interpreting the preservational features of shells. The technique has proven its utility in our comparisons among the three habitats. It is a simple, graphic technique that (1) saves space that would otherwise be occupied by tables or histograms, (2) retains information not found in calculated, average taphonomic scores, and (3) permits a rapid comparison of the taphonomic characteristics among samples.
